We shall briefly describe the main research areas, now in progress in our molecular beam and laser group. The current activity includes our traditional molecular beam work as well as other experiments carried out in the new labs of our Institute. Essentially we present here the current progress on Crossed-beam and Beam-gas Chemilumine scence, Laser-induced Beam Surface Reaction, Laser Analytical Chemistry, Laser-initiated Reactions Studies by Chemiluminescence and Laser-induced Fluorescence, Spectroscopy and Structure of van der Waals molecules. For each section recent results are presented. Due to the basic scope of the present progress report the emphasis is made on the new experimental developments as well as on the capabilities of both basic and applied research techniques now operative in our group.
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Keywords: Molecular beams; lasers; reaction dynamics; chemiluminescence 1. CROSSED-BEAM AND BEAM-GAS CHEMILUMINESCENCE SPECTROSCOPY [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] In this line of research molecular collisions are studied using both crossed-beam and beam-gas arrangements. An experimental description *To whom correspondence should be addressed.
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is omitted here for brevity. The interested reader is referred to Ref. 4 , for a detailed presentation of the techniques. Much of the experimental work recently undertaken using these two techniques has been dedicated to the study of the dynamics of excited reactions [5] , typically using alkaline-earth atoms. The study of the following type of reactions:
Ca* + HX(X C1, Br)CaX* + H has been carried out under single collision conditions. Since the calcium atom can be readily prepared in two metastable states, namely Ca(aPj) and Ca(1D2) , the total and differential cross-sections can be measured for the reaction of the two distinct electronic states. Figure 1 shows a schematic view of the crossed-beam molecular apparatus.
More details can be found in Ref. 15 Figure 2 . The collision energy dependence of the chemiluminescent reaction cross-section as well as the polarization of the chemiluminescence were studied to gain insight into the dynamics and stereodynamics of these prototype heavy + tions using a harpooning model based on succesive and independent crossings through the relevant covalent and ionic potentials of the displayed potential energy surfaces [12] . The manifold of these crossings is shown in Figure 4 . The major significance of these results obtained with the harpooning dynamics is that the observed transla- Figure 4 , the latter is clearly associated to the inner crossing between the covalent Ca(1P)+HC1 and ionic Ca + (2D)+ HC1-potentials, and it has been shown [12] that is responsible for the rising of an, the reaction cross-section, and its maximum at the collision energy, E r 290 meV. The onset of significant threshold for these highly exothermic reactions is of some interest by itself since it not only provides relevant data to understand the dynamics of excited reactions, but it also f-arnishes a good example on that the symmetry and topology of the excited potential, and not only the total energy, is one of the key factors controlling the reactivity of such excited species.
The product chemiluminescence spectrum as well as the polarization of the emission can be measured when the beam-gas arrangement is used. A schematic view of the set-up is shown in Figure 5 . A detailed spectrum of the CaI* (A,B) formed in the Ca(D)+ CH3I--CaI (A2H, B2Z)+ CH 3 reaction is displayed in Figure 6 . Notice the presence of both A and B states as well as the splitting of the 21-I state.
As mentioned above, looking at the polarization of the emission provides insight into the stereodynamics of the elementary chemical Eqs. 12 Table I lists ag values for several reactions mostly measured in our laboratory. Figure 7 displays the evolution of the total reaction cross-section, normalized to the methyl reaction, as a function of the size of the radical group. For a better illustration data from the well known Figure 7a negative dependence on the aR value is clearly noticeable, as the radical group increases. This body of data together with additional results from our and other laboratories, allowed us to suggest two distinct mechanisms for the Ca(1D2) and Ca(3pj) attack to the alkyliodide target. Briefly, whereas the Ca(3pj) reaction proceeds via a collinear attact to the I-C bond, the Ca(1D2) was suggested to react via an insertion into the same I-C bond. These two suggested mechanisms are pictorially depicted in Figure 8 . The reader is addressed to Ref. 13 for further details. [17] [18] [19] [20] A new beam-surface, ultrahigh-vacuum apparatus has been constructed in our laboratory. Its main details are schematically shown in Figure 12 . Some preliminary desorption results for anthracene are shown in Figure 13 . It is hoped that this technique will provide a convenient method for analysis of fluorescent pollutants in the environment. Wavelength (nm) FIGURE 13 Laser induced fluorescence spectrum of Anthracene desorbed by a pulse from a Nd: YAG laser. The study of the fundamental reactions of the refractive materials is difficult due to the technical problems associated with producing such materials in the gas phase. In this experiment the relatively new technique of laser ablation is applied for this purpose. The basic idea is to use a short intense laser pulse to vaporize the sample in a reactive atmosphere. The reaction of this sample can then be followed by chemiluminescence, or in the case where there is no chemiluminescence, by laser induced fluorescence.
LASER-INDUCED BEAM SURFACE REACTIONS
As an example of such a possibility we present some results obtained for the reaction A1 + O.-products. The aluminum atoms are ablated into the oxygen atmosphere and rapidly oxidized to A10. With high oxygen concentrations a sequence of reactions is possible which produces A10 in an excited state allowing chemiluminescence to be observed (see Fig. 14) . In order to further study the reaction of this excited A10 with oxygen, we pumped this molecule with an Ar + c.w. laser and measured the fluorescence at different mixtures of 0 2 and N 2, keeping the total pressure at a constant value. This fluorescence is shown in Figure 15 . initiated by optical means. The experimental setup incorporates previous beam and laser spectroscopic developments described elsewhere [24] [25] [26] . The structure and reactivity of van laser, tuned to the barium atomic transition (1S--1P)2 553.3 nm, en-+ is ters the detection chamber a decrease in intensity of the Ba(CH3C1)2 clearly observed while the BaC1 + and Ba + increase (lower trace). The Ba ion signal increase is attributed to the resonantly enhanced twocolor two-photon ionization whereas the BaC1 + is probably due to the ionization of the BaC1 produced from the photoinitiated reaction within the van der Waals molecule. Work is now in progress to measure photodepletion spectra of van der Waals complexes in order to get insight into the transition state spectroscopy. In this case, the dye laser will be scanned over a wide range of frequencies while the 266 nm beam is kept for ionization. By varying the dye laser frequency we can access the reactive potential energy surface in various configurations and this will give us information about the reaction dynamics as a function of the transition state configuration.
Also, the photoionization threshold of these molecules can be measured. In this experiment a tunable laser is used to photoionize the van der Waals molecules. Starting at a wavelength where ion signal is observed, the wavelength is increased until the point is reached at which the signal disappears. At this point the photons no longer have sufficient energy to ionize the van der Waals molecules. This wavelength represents the adiabatic ionization potential, whose measurement can provide information about the structure of both the neutral and ionized van der Waals molecule.
